Background: The knowledge of Palmaris longus (PL) is a growing interest for its wide role in reconstructive plastic surgeries as a donor tendon for transfer or transplant. The prevalence of the PL agenesis has been well-documented by many authors in different ethnic groups or populations. Many conventional tests for determining the presence of the PL has been described, but lamentably there are many discrepancies in confirming its presence or absence. Slight modifications of the prevailing methods can still give authenticate results. Aim: This prospective study was conducted to determine the incidence of unilateral and bilateral agenesis of PL and its association with sex and side of the limb in the Andhra population of India. Materials and Methods: A total of 942 subjects of both sexes belonging to 18-23 years were used to access the PL using various tendon examination techniques including our modified Schaeffer's test. The data collected were analyzed by Pearsons c 2 test using SPSS software. Results: Overall agenesis of muscle in both sexes was 264 (28.0%), out of which 40.2% was seen in females and 14.7% in males with the ratio of 3:1. The unilateral agenesis was seen in 70.5% and bilateral agenesis in 29.5% subjects. The left side agenesis was seen in 51.6% and right side in 48.4% subjects. Conclusions: The prevalence of bilateral and unilateral agenesis was more common on left side with a greater likelihood in the female subjects. The proposed technique could bring better results in all subjects and can be implemented in manual examination of PL.
INTRODUCTION
P almaris longus (PL) is a thin, tendinous superficial flexor of forearm, functionally more active in nonhuman primates. [1] In humans, PL is a weak flexor of Website:
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the hand at wrist, tenses the palmar aponeurosis [2] and is one of the most variable muscles in the body. The variation includes unilateral or bilateral agenesis, duplication or in the site of insertion. Although the function is very less, PL receives the attraction of the surgeons for its use in reconstructive plastic and hand surgery as tendon graft, in lip augmentation or escalation, [3] ptosis correction [4] and also in some facial paralysis management. [5] According to classical textbooks of anatomy and surgery, the agenesis of PL was seen in 15% of general population, but it is not applicable to all populations and varies among ethnic groups. [6, 7] The incidence of PL agenesis in different ethnic groups shows significance in association with the sex and side of the limb; however, some remain controversial. [8] The aim of this study is to determine the incidence of unilateral and bilateral agenesis of PL and its association with sex and side of the limb in the Andhra population of India.
MATERIALS AND METHODS
A group of 942 first and second year medical, dental and paramedical students (450 boys and 492 girls) of age group 18-23 years from Narayana Group of Medical Institutions, Nellore, Andhra Pradesh, India were randomly used for this study. Those who are having any deformities or injury in the upper extremity were strictly excluded from the present study. In this present study, the prevalence of presence or absence of PL was determined by series of tendon examination techniques described by Schaeffer's test, [9] Thompson's fist, [10] Mishra's 1 st test, [11] Pushpakumar's two finger sign [12] [ Figure 1a -d] and our modified Schaeffer's technique [ Figure 2 ].
In our modified Schaffer's technique, the subjects were asked to oppose the thumb against the little finger and simultaneously flex the hand at wrist joint. If present, PL appears as a prominent tendon medial to tendon of flexor carpi radialis (FCR) in the middle of the lower part of the front of forearm, just above the wrist. If not clearly seen, a slight extending/resistance force was applied to the middle three fingers. Still if it is not visible it was taken as absent in that subject. The results were statistically analyzed by Pearson χ 2 test using SPSS 12.0 statistical software.
RESULTS
In a sample of 942 students (450 males and 492 females), a 
DISCUSSION
Palmaris longus is an active muscle in non-human primates used for prehensile progression from tree to tree. PL is found to be present in orangutan, but is variably absent in chimpanzee and gorilla. [1] Phylogenitically, PL is classified as a retrogressive muscle in the human body [13] i.e., a short muscle belly proximally with long tendon distally. [14] Subjected to numerous evolutionary influences, the muscle may be absent, double or with anomalous insertions. Very rarely the PL shows proximally the tendon and distally the muscle belly. [15] The agenesis of PL in human appears to be hereditary but its genetic transmission is not clear. [16] Identification of PL is very important to clinicians for its tendon to be used as a graft in various surgical procedures and during administration of medicine/corticosteroids in carpal tunnel to relieve pain due to carpal tunnel syndrome/ arthritis [17] and in median nerve wrist block. [18] According to the literature there are various methods [9, 10, 12, 18, 19] to identify the tendon of PL, each having its own identifying techniques. The most commonly and traditionally followed method is Schaffer's test. [9] Next to Schaffer's test, Mishra's 1 st test [11] is widely supported because of its appliance in those patients with median nerve palsy also, in whom the opposition of thumb is not possible. [7, 20, 21] The techniques of Schaeffer's test, [9] Thompson's fist, [10] Mishra's 1 st test, [11] Pushpakumar's two finger sign [12] have been used in this study to demonstrate the presence or absence of PL. Even though these clinical tests mentioned mostly provides correct information of the presence or absence of the tendon, sometimes a weakly developed tendon which is present can be mistaken as absent. To avoid this, a final [5] 2 Pennsylvania 23 Wehbe [16] 3 Northern Ireland 25 Thomposn et al [24] 4 Gaziantep Turkish Population 63.9 Ceyhan and Mavt [22] 5 Korean population 0.6 Ceyhan and Mavt, [22] 6 Uganda 1.02 Igbigbi PS [27] 7 Chinese 4.6 Sebastin et al [7] 8 Malaysian population 9.3 Roohi et al [28] 9 Indian Delhi population 17.2 Sudhir et al [6] 10 Indian Dravidian population 26 Pai et al [29] 11 Nigeria 30 Mbaka and Ejiwunmi et al [30] 12 Harare (Zimbabwe) 1.5 Hope Gangata [20] 13 Turkish population 26.6 Ozkan Kose et al [21] 14 South Indian Andhra Pradesh 28.0 Present Authors confirmation of the presence or absence of the muscle was made with a slightly modified form of the Schaffer's test in the present study. This method is more specific than the Mishra's 1 st test [11] in all the subjects, that even in obese subjects especially women we could identify and palpate the tendons of PL and FCR successfully.
The overall prevalence of unilateral and bilateral agenesis of PL irrespective of the gender was found to be 28% in this study which is a higher when compared to other studies [ Table 2 ]. Cehyan and Mavt [22] reported 63% in Gaziantan Turkish population seems to be the highest incidence of PL agenesis but recent investigation in Turkish population the agenesis was found to be only 26%. [21] The present study was undertaken to evaluate the incidence of PL agenesis and to impart for any association with the sex and side of the subjects according to the results obtained. From the literature, PL agenesis in different races and ethnic groups was found to be more common in females, predominantly on the left side. However, controversial findings have also been reported that PL agenesis is more frequent on right side and more in males than females. [23] In the present study, incidence of agenesis of PL was more in females (40.2%), frequently seen on left side (52.2%) and the overall incidence in relation to gender and body side was statistically not significant which coincides with most of the previous reports. [9, 10, 22, 24] The long tendon of PL is the first choice of the surgeons frequently been grafted [25] because of its length, diameter and easy availability, which when harvested does not produce any functional deformity. [5] As evolutionary changes made PL a retrogressive degenerating muscle, its position and size can be altered or completely may be absent. Even though there are several techniques of tendon examination physically, fallacy of presence of the muscle as absent may happen rarely. To avoid this, ultrasonography or MRI methods may be used for examination which gives accurate confirmation of PL agenesis. [26] But investigation in huge population it may not be applicable and the only feasible way of evaluating the presence or absence of PL is the clinical testing as used in many previous studies.
In summary of the present study, the clinical examination of PL agenesis in AP population using our modified Schaeffer's test and other tests in a total of 942 subjects revealed an overall incidence of 28.0%. The present investigation adds to the literature and reaffirms with the other studies that the agenesis is race dependent and not usually significant with the side and gender.
